Abstract: When white noise is added to its delayed replica, a pitch is evoked corresponding to the reciprocal value of [he delay time. When the delayed replica is fed to the same ear, the pitch (Monotic Repetition Pitch: MRP) is rather salient; when, instead, it is fed to the con[ralateral ear, the pitch (Dicho(ic Repetition Pitch: DRP) is rather faint, The present paper reports measurements on the accuracy of pitch matching for both MRP and DRP. Because of the difference in salience, a difference in accuracy might be expected, if pitch salience and pitch accuracy would be positively correlated, lt turned out that pitch accuracy, expressed as the relative standard deviation, is dependent on the delay time (~and the stimulus type. For T larger than about 20 ms (the "infrapitcti' range) the accuracy is about 10 % for both MRP and DRP. For T smaller than 20 ms (the pitch range), accuracy is about 0.5 Y. for MRP and 3 % for DRP.
INTRODUCTION
When white noise is added to its delayed replica, a pitch can be perceived that is equal to the reciprocal value of the delay time. When both the noise and the delayed replica are fed to the same ear, the pitch -Monotic Repetition Pitch: MRP ( 1,2,3) -is rather salient; when, instead, the replica is fed to the contralateral ear, the pitch -Dichotic Repetition Pitch: DRP -is rather faint (4, 5) . MRP is readily explained by spectral information processing in the cochlea (4,6). For reasons of parsimony, DRP is assumed to be the result of Central Spectrum processing preceded by intermural (temporal) processing (4,6). For delay times larger than, say, 20 ms the pitch sensation fades away, and the sensation of rattle and periodicity ("infrapitch") takes over (5). The latter has been reported to be relatively easy to match and to be even stronger for dichotic compared to diotic presentation (5).
Because of the difference in salience, a difference in accuracy (or just noticeable difference in pitch) might be expected, if pitch salience and pitch accuracy would be positively correlated. On the other hand, though the pitch image of DRP is faint (and not always easy perceived by everybody), once focussed on it seems easy matchable with a rather high expected accuracy. Therefore, the aim of the present paper is to compare the accuracy of pitch matchings for MRP and DRP in the same procedure. This experiment forms part of a larger study on pitch accuracy , salience and pitch perceptibility of (monotic and dichotic) comb-filtered noise signals in general (e.g. 7).
EXPERI~NTAL PROCEDURE
For both MRP-and DRP-configurations, white gaussian noise was low-pass filtered with a cut-off frequency of 2000 Hz (Stanford Research SR 650) and sampled by a digital signaI processor (Loughborough DSP 96002) at a frequency of 20 kHz, Delay (and addition for MRP) was performed by the DSP under control of a personal computer. Signals were presented to the subject by circumaural headphones (Beyer Dynamic DT 770) at a sensation level of about 40 dB SL. An extensive set of tests has been accomplished to exclude the possibility of a trivial form of cross-talk in the generation of the DRP, e.g. by air conduction, bone conduction or electrical cross talk (8). The comb-spectral modulation depth of the MRP-signal was measured as 37 dB.
A subject was instructed to match the pitch (or "rattIe") by adjusting the delay of the MRP or DRP signal in steps of~1, +0.1, or~0.05 ms (the latter being the reciprocal value of 20 kHz) to a similar stimulus with a fixed delay; MRP was matched to a fixed MRP, DRP was matched to a fixed DRP. The subject was allowed to switch between fixed and adjustable stimulus at will. In a single experimental session, the delay T of the fixed MRP or DRP was set once to 4, 6, 8, 10, 14, 18, 22, 26, 30 and 35 ms in a random order. Each subject was required to execute 10 sessions, resulting in 10 adjustments for each value of T, both for MRP and DRP.
RESULTS AND DISCUSSION
The results of pitch matchings by three experienced subjects are presented in figure 1 . The accuracy of matching, for each value of T and 10 matchings, is expressed in terms of the relative standard deviation (RSD in 9.; RSD = a~). Note that this RSD can be expected to be of the same order of magnitude as the difference Iimen or JND Qust noticeable difference) as found in a same-different procedure (3,9). The time delay (T in ms) is plotted along the abscis, the relative standard deviation @SD in Yo)along the ordinate. Matchings of DRP against DRP as a reference are given by filled symbols, MRP against MRP by open symbols. Each measured point is the average of ten matchings by one subject. Hatched areas indicate an estimate of the delay-regions were (low) pitch and/or rattle sensation dominate perception. From this figure it can bee seen that, for DRP, pitch accuracy expressed as the relative standard deviation (RSD in %), is nearly independent of the time delay, from 4 ms up to 10 ms; it is about equal to 37o on the average. For MRP, a significantly lower RSD of about 0.570 was obtained until about 10 ms. Here we have to note that the latter result should be interpreted with care, as the smallest step in T was equal to 0.05 ms during the experiments; this implicates a relative step of the same order of magnitude as the RSD found.
For T larger than about 15 ms the subjects reported to match a rattle or periodicity sensation rather than a pitch (the "infrapitch" range (5)). One subject fir) could not perform such periodicity matchings. For the other two subjects, the matching accuracy amounts about 1070 for DRP. For MRP, pitch seems to exist for longer delay times and to move more gradually to rattle sensation. Eventually, e.g. for 35 ms, DRP and MRP show similar accuracy in rattle sensation. Similar accuracy of DRP and MRP for long delays was also shown in a totally different procedure (key tapping (5)).
For MRP with short delays, the present result: RSD = 0.5% may be compared with results by others, viz. RSD = 1YO (2)and RSD = 3% (3), of which the latter is remarkably high. The fact that RSD for DRP is about a factor 6 larger than for MRP seems to confirm our expectation that salience and pitch accuracy are positively correlated.
